ABSTRACT
INTRODUCTION
Supplemental fat in the diets has become a standard practice to meet the energy requirements of dairy cows. There is growing interest to manipulate the dairy cow diets to increase the polyunsaturated fatty acids (PUFA) content in the milk fat and to improve its nutritional quality. However, fatty acids, especially PUFA, are easily oxidized (Shiota et al. 1999 ) and may become more susceptible to oxidative damages. In this context, feeding cows with elevated dietary antioxidants may be interesting to increase these compounds in the milk to protect PUFA from oxidation. Additionally, increased antioxidants in the milk may provide several health benefits to the consumers, including protection against free radicals, which are able to oxidize biomolecules, leading to mutagenic changes, tissue damage and cell death (Yang et al. 2000) . The availability of plant phenolic compounds and their effects on human health has been studied due to their antioxidant activity (Korkina 2007; Dai and Mumper 2010) . These molecules are also investigated in animal nutrition in order to improve the nutritional value of products, such as milk (Gagnon et al. 2009; Côrtes et al. 2012) . Accordingly, finding feedstuffs, which are rich in antioxidant compounds can be a strategy to improve the milk quality. The processing of coffee, one of the most popular and widely consumed beverages throughout the world (Yen et al. 2005) , generates by-products, which are rich in functional compounds, such as phenol acids (Yen et al. 2005; Baggio et al. 2007) . Brazil is the largest producer of coffee, thus, generates large amounts of coffee by-products, such as coffee hull. Coffee hull has been used as an alternative feed to the animals due to its high availability (40% of total coffee production; Poveda Parra et al. 2008 ) and low costs. Dry or sticky coffee hull can be obtained, depending on the industrial process. The sticky coffee hull, obtained from dry method, is composed of pith and epicarp, without endocarp, and compared to dry coffee hull it has higher protein and lower NDF and ADF concentration (Vilela et al. 2001 ). Both, dry and sticky coffee hull are used to feed the animals. Studies have shown that dry coffee hull could replace both roughage and concentrate feeds, although not recommended in large amount. Souza et al. (2005) reported that dry coffee hull could replace corn (10.5 g/kg DM) in the diets of lactating cows without changing milk production and composition. When used as corn silage substitute, dry coffee hull replaced 12% (Rocha et al. 2006a ) and 14% (Teixeira et al. 2007 ) the corn silage in the diets of lactating cows and dairy heifers, respectively. Although coffee hull has been studied as an alternative energy feed, studies on its antioxidant properties are still needed, due to its bioactive compounds content. Therefore, the objective of this trial was to evaluate the effects of sticky coffee hull as natural antioxidant source on the performance and milk quality of dairy cows fed high PUFA diets.
MATERIALS AND METHODS
This experiment was conducted on Fazenda Experimental de Iguatemi, belonging to the Universidade Estadual de Maringá, Southern Brazil. Four multiparous lactating Holstein cows, averaging 75 ± 12 days in milk and 563 ± 28 kg of BW were used in a 4 × 4 Latin-square design over four 21-d periods. The treatments consisted of four different total mixed diets composed of corn silage, ground corn, soybean meal and mineral supplement as described in Tables 1 and 2 . (d 19 and 20) and pooled on the yield basis to obtain three milk samples per cow. One milk sample was stored at 4°C with a preservative (bronopol-B2) until the analysis for protein, urea N, lactose, and total solids. Milk FA profile was determined on the samples pooled on milk yield basis and frozen without preservative at -20ºC. Another milk sample was kept at -20ºC with Na azide (0.2 g/kg) for antioxidants analysis as previously reported by Matumoto-Pintro et al. (2011) . Samples of food, refusals and feces were ovendried (55°C for 72 h), grounded (1mm mash) and the dry matter was evaluated according to method no. 934.01 of AOAC (1998). Organic matter was determined by combustion in a muffle furnace according to method no. 942.05 of AOAC (1998). Total nitrogen (TN) was determined using a Tecnal TE-036/1 (Tecnal, Piracicaba, São Paulo, Brazil) following the method no. 988.05 of the AOAC (1998) and crude protein (CP) was estimated as TN x 6.25. Ether extraction in the diets was conducted with Tecnal TE-044/1 (Tecnal, Piracicaba, São Paulo, Brazil) according to the method no. 920.39 of AOAC (1998). The neutral detergent fiber (NDF) was evaluated as described by (Mertens 2002 ) using a heat-stable α-amylase, without using sodium sulphite. NDF was determined following the Ankom 200 filter bag technique (Ankom Technology Corp., Fairport, NY). The ADF and lignin content were determined according to AOAC (1998) method no. 973.18. As sequential method, the neutral detergent insoluble crude protein (NDICP) and acid insoluble crude protein (ADICP) were determined as described by Silva and Queiroz (2002) . Protein, lactose, total solids, and urea N concentrations in the milk samples were analyzed by infrared spectrophotometry (Bentley model 2000; Bentley Instrument Inc., Chaska, MN). Milk somatic cells counts (SCC) were obtained using an electronic counter (Somacount 500, Chaska, MN) as described by Voltolini et al. (2001) . Milk fat was obtained by centrifugation as described by Murphy et al. (1995) and FA were methylated according to method 5509 of ISO (1978) using KOH/methanol (Synth, São Paulo, Brazil) and nheptane (Vetec, Rio de Janeiro, Brazil). Fatty acid methyl esters were quantified by gas chromatography (Trace GC Ultra, Thermo Scientific, EUA) with auto sampler and equipped with a flame-ionization and a Rt-2560 fused-silica capillary column (100 m and 0.25 mm i.d., 0.20 µm film thickness). The column parameters were initial column temperature of 65°C for 8min; the temperature was then programmed at 50°C per min to 170°C. This temperature was maintained for 40 min, then increased 50°C per min to 240°C, and remained at this temperature for 28.5 min. Injector and detector temperatures were 220 and 245°C, respectively. The gas flow was 1.5 mL/min for hydrogen (carrier gas), 30 mL/min for nitrogen (auxiliary gas), 35 mL/min for hydrogen and 350 mL/min for make-up gas (flame gases). Fatty acid peaks were identified using pure methyl ester standards (Sigma, São Paulo, Brazil). Blood was collected from all the cows on 18 d after morning milking (08:00h) to determine very low density lipoprotein (VLDL), low density lipoprotein (LDL), high density lipoprotein (HDL), total cholesterol, triacylglycerols, glucose and urea concentrations. Blood was taken from the jugular vein into vacutainer tubes containing heparin. Tubes were immediately centrifuged at 3000 x g for 20 min. Plasma was separated and frozen at -20 o C for subsequent analysis. Plasma samples were analyzed using the commercial kits (Diasys ® ) in an automatic analyzer (Vitalab Selectra®2). Total polyphenol content in the samples was determined using the Folin-Ciocalteu procedure as described by Singleton and Rossi (1965) and Han et al. (2011) , with the following modifications. The polyphenols from sticky coffee hull was dispersed in methanol (90%, v/v), 1:100 g/mL, and from milk was in methanol 100%, 1:10 mL/mL and filtered (PTFE, 0.22 µm). A 0.25 mL aliquot of samples solution in methanol was mixed with 0.25 mL Folin-Ciocalteu reagent (previously diluted with water, 1:1) and 4.50 mL of a sodium carbonate solution (28g/L). The mixture was left at room temperature in darkness for 30 min and the absorption was measured at 760 nm using a UV-visible spectrophotometer. A standard curve was prepared using gallic acid and the results were expressed as grams of gallic acid equivalents per kilograms of sticky coffee hull (g GAE/kg) and for milk as µg GAE/mL. The flavonoid content of sticky coffee hull and milk was dissolved in methanol (100%), 0.3 mL from theses solution were mixed with 0.15 mL of aluminum chloride (0,5%, w/v) in methanol and 2.25 mL of methanol (Woisky and Salatino 1998; Sánchez et al. 2010) . The mixture was left at room temperature for 30 min and the absorption was measured at 425 nm using a UV-visible spectrophotometer. The results were expressed as grams of quercetin equivalent per kilograms of sticky coffee hull (g QE/kg) and µg GAE/100 mL of the milk. Total reducing power was determined as described by Zhu et al. (2002) with some modifications. The protein from the milk was precipitated with trichloroacetic acid solution (20%; w/v) (1:1; v/v) and the solution was centrifuged (1058 x g, 20°C) for 10 min. A 0.25 mL aliquot from the supernatant was mixed with 1.25 mL of phosphate buffer (0.2 M, pH 6.6) and 1.25 mL of potassium ferricyanide [K3Fe(CN)6] (1% in HCl, 10 mM). The mixture was then incubated at 50°C for 20 min. Afterward, 1.25 mL of trichloroacetic acid (10%) was added to the mixture, which was then centrifuged at 1058 x g for 10 min. Finally, 2.5 mL of the supernatant was mixed with 2.5 mL of 0.5 mL FeCl 3 (0.1% in HCl 10 mM), and the absorbance was measured at 700 nm on a UV-Vis spectrophotometer and reducing power was reported as gallic acid equivalents (µg GAE/100 mL). All the data were analyzed as a 4 × 4 Latin square design balanced for residual effect using the MIXED procedure of SAS (2003) with the following model:
where Y ijkl = the dependent variable, µ = overall mean, Cj = random effect of cow (j = 1 to 4), P k = fixed effect of period (k = 1 to 4), T l = fixed effect of treatment (l = control, soybean oil, oil + 100 g/kg coffee hull, oil + 150 g/kg coffee hull), and e ijkl = random residual error. Significance was determined at P ≤ 0.05. When a significant F-test was detected, multiple comparisons were done using a Tukey adjustment for the probability.
RESULTS
Dry matter intake was similar (P>0.05) among the diets, expressed in kg/d and as percentage of body weight (Table 3 ). The digestibility of dry matter and non-fiber carbohydrates were similar among the diets (P>0.05). However, crude protein digestibility was reduced in the cows fed 150g/kg of SCH (DM basis), when compared to those fed CON, SBOIL and SOCH-100 The digestibility of EE was increased when soybean oil was added in the diets (SBOIL, SOCH-100 and SOCH-150), compared with the CONT diet. On the other hand, NDF digestibility decreased when SCH was added to the diets, presenting lower values for SOCH-150. However, the NDF digestibility was better and similar between the CONT and SBOIL diets. The estimated digestibility of TDN presented higher values for SBOIL and SOCH-100 when compared with CONT and SOCH-150 diets, which were similar between each-other. The milk production (as kg/d) and corrected for 4% of fat were similar (P>0.05) among the diets (Table 4 ). Milk components yields (kg/d) were also not affected by the treatments, neither SCS. However, when considered in percentage, lactose in milk was reduced when SCH was supplied to the animals, for both SOCH-100 and SOCH-150 diets when compared with CONT and SBOIL, which were also similar between each-other. Milk urea nitrogen gradually decreased with soybean oil inclusion, decreasing further with SCH inclusion. The lowest value was observed for SOCH-150 when compared to those fed CONT, SBOIL and SOCH-100 (Table 4) . Treatments had no effect on the proportions of protein, fat and total solids in milk. The total polyphenols in the milk increased with SCH inclusion, presenting higher values when 15g/kg of SCH were fed to the animals. Similar pattern was observed for flavonoids and reducing power in the milk (Table 4) . Cows fed high PUFA diets (SBOIL, SOCH-100 and SOCH-150 diets) showed higher LDL and total cholesterol levels in the plasma than the cows fed CONT diet (Table 4) . Glucose, triacylglycerol, HDL and VLDL in plasma were not affected by treatments. In general, the milk fatty acids profile was not modified by the diets (Table 5) . Nevertheless, the concentration of cis9-18:1 was lower when cows were fed SBOIL compared with SOCH-100 and SOCH-150. The soybean oil inclusion led to a decrease in rumenic acid (cis9,trans11-18:2) concentration, since the SBOIL and SOCH-100 decreased this fatty acid in the milk, presenting the lowest value for SOCH-100. However, when SOCH-150 was fed, the concentration of rumenic acid was similar to CONT (Table 5) . Means within a row with different superscripts differ at P ≤ 0.05. ,12,15-18:3 + cis5,8,11,14,17-20:5 + 22:5. f cis9,12-18:2 + cis6,9,12-18:3 + cis11,14-20:2 + cis8,11,14-20:3 + cis5,8,11,14-20:4 .
DISCUSSION
Treatment effects on dry matter digestibility were similar for all the diets. However, some nutrients presented variation, resulting in alteration in the TDN of the diets. Reduction effects on CP digestibility appeared to be related to the high indigestible nitrogen content in SCH (Souza et al. 2010) . This feed has also some substances, caffeine and tannin that should be considered. These substances were previously reported harmful for nutrient utilization (Bressani et al. 1972 ). However, when animals were fed with concentrations lower than 1.2 g/kg of caffeine and 7.5 g/kg of tannin (on DM basis), no negative effects on the intake and nutrient utilization were observed (Cabezas 1976) . It suggested that caffeine and tannin concentrations in the diets of the present experiment (Table 2 ) were low to be considered responsible for reducing protein digestibility. However, these substances added to other factors, such as high indigestible nitrogen, might have contributed to reduce the digestibility of protein.
There are reports on lower NDF digestibility of feeding dry coffee hull to dairy cows (Rocha et al. 2006a; Rocha et al. 2006b ). The high lignin content of SCH in the dry coffee hull could limit the digestibility of polysaccharides from cell wall in the rumen (Jung and Allen 1995) . The inclusion of soybean oil in the three diets resulted about 7% increase in the ether extract digestibility when compared to the control diet. Indeed, lipids have a higher energy value, with a digestibility in the small intestine of ruminants ranging from 0.8 to 0.9 kg/kg (Kozloski 2002) , increasing the digestibility of ether extract. Thus, increase in the ether extract digestibility was caused by the intake of the dietary soybean oil. Soybean oil is rich in polyunsaturated fatty acids, which show better digestibility than saturated fatty acids (Palmquist and Mattos 2006) . The increase of EE digestibility could explain the higher concentration of TDN in the diets with soybean oil, except for SOCH-150 diet. The reductions observed in the CP and NDF digestibility also could contribute to alter the TDN of the diets (Table 3 ). The inclusion of soybean oil certainly contributed to reduce the NDF and CP digestibilities (Table 3) , as the fat had a protective effect against the digestion, resulting in a fat to protein inversion in the milk (Table 4) . Sticky coffee hull decreased milk lactose concentration. However, milk lactose content is barely influenced by the diet and changes in the concentration are generally uncommon because this carbohydrate is synthesized and secreted at the same rate as milk (Pulina et al. 2008) . Even so, changes in lactose concentration have been reported in some studies with dairy cows; for example, decrease in milk lactose percentage was observed by Van Knegsel et al. (2007) in the cows fed lipogenic diets (high EE and NDF and low starch content) compared with the cows fed glucogenic diets. This reduction was attributed to the concomitant higher somatic cell counts observed in the cows fed lipogenic diets. Mastitis has been associated with mammary tissue damage, opening of tight junctions between the secretory cells and increase in the permeability of blood capillaries (Kitchen 1981) , resulting in diffusion of ions down their respective concentration gradients and decreases milk lactose proportion to maintain a constant osmolarity in the milk (Kaufmann and Hagemeister 1987) . However, differences in SCC were not observed in the current study (Table 4) , which excluded this justification. In contrast, increases in the milk lactose concentration were observed in milk of cows from calving to 28 weeks of lactation (Petit and Côrtes 2010) fed flax-based diets. In these studies such observations were attributed to the effects of linolenic acid from flaxseed on glucose metabolism, which could improve gluconeogenesis rate (Mashek and Grummer 2003) and contributed to increase lactose concentration in the milk. Thus, possible changes in glucose metabolism promoted by the SCH might be related to decrease in lactose percentage in the milk. Therefore, the reduction in milk lactose must be more studied. Milk urea nitrogen (MUN) is a useful parameter to predict the nutritional and reproductive stages of dairy cows (Grande et al. 2009 ). The average values of N-urea in milk usually range from 12-18 mg/dl ). However, Oltner and Wiktorsson (1983) reported that MUN concentrations below 14 mg of N/dl, as observed for the cows fed diets with the SCH, indicated insufficient CP per unit of dietary energy. This effect could explained by the high indigestible nitrogen in SCH, represented by NDICP and ADICP (Table 1) , and as consequence, its increase in the diets (Table 2 ). The supplementation of soybean oil might have contributed to the reduction in MUN in diets with SCH, which could result a decrease in ammonia concentration in the rumen (Doreau and Ferlay 1995) and possibly influence the MUN concentration. Other dietary feed ingredients used in the present study also contained polyphenols and flavonoids. Egüés et al. (2012) described polyphenols in corn stalks, which were present in corn silage. Adom and Liu (2002) quantified the phenolic compounds in corn grain. Barbosa et al. (2006) described the total phenolic compounds in soybean meal, which supported the presence of polyphenols and flavonoids in the control and SBOIL diets, justifying the reducing power observed in these treatments (Table 4 ). According to Zhu et al. (2002) , there is a relationship between the amount of total phenolic compounds and reducing power. Although soybean oil contained polyphenols and flavonoids, it was not responsible for increasing the reducing power observed in the milk. The increase was due to the inclusion of SCH, since the increase was only observed when SCH was incorporated into the diets. This effect was evident when 15% of SCH was added to the diets, increasing to 75% the reducing power in the milk when compared to the CONT and SBOIL diets, and an increase to 50% when compared to SOCH-150. Thus, the SCH, which was richer in the phenolic compounds than flavonoids (Table 1) , could be considered responsible for the higher reducing power observed in the milk from the cows fed SCH (Table 4) . The reducing power observed in the milk when cows were fed 150g/kg was slightly lower when compared with the milk of the cows fed 10% grape residue silage (Santos 2011) . However, with respect to the transfer of these compounds in the milk, coffee hull was a good source of antioxidants to feed the cows. Furthermore, the fact that SCHS was a cheap byproduct (in coffee producing regions) that did not affect the productivity of the animals and also incorporated bioactive substances in the milk could not be neglected. The total cholesterol and the LDL fraction were increased when cows were fed soybean oil. The LDL is the responsible for cholesterol transportation, justifying the similar pattern. This increase was likely due to the higher fatty acids intake. Grummer and Carroll (1991) also observed an increase in plasma cholesterol and its fractions, attributing this effect to the dietary fat. Dietary soybean oil has been reported to modify the fatty acid profile of the milk fat in the dairy cows where increased polyunsaturated fatty acids proportion was found (Jacobs et al. 2011) . However, in the present study, there were no significant changes in overall fatty acid profile in the milk fat. The form of fat supply (unprotected) rendered polyunsaturated fatty acids to ruminal biohydrogenation, leading to similar fatty acids profile among the treatments. The final dietary fat concentration in the present study was considered low (NRC 2001) . It could be possible that 30 g fat/kg DM was insufficient to promote significant changes in the fatty acids profile in the milk fat.
CONCLUSION
Sticky coffee hull added up to 15% in dry matter basis in the diets of dairy cows did not alter milk production, weakly altered fatty acids profile in the milk fat and improved milk stability for possessing antioxidants that might retard its oxidation, at the same time improving its quality for human health.
